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If light enough primordial black holes account for dark matter, then its density decreases with
time as they lose mass via Hawking radiation. We show that this time-dependence of the matter
density can be formulated as an equivalent w(z) dark energy model and we study its implications
on the expansion history. Using our approach and comparing with the latest cosmological data,
including the supernovae type Ia, Baryon Acoustic Oscillations, Cosmic Microwave Background and
the Hubble expansion H(z) data, we place observational constraints on the PBH model. We find
that it is statistically consistent with ΛCDM according to the AIC statistical tool.
I. INTRODUCTION
The recent observation of gravitational wave emission
from black hole inspirals [1] has revitalized the tanta-
lizing idea that a fraction of our Universe’s dark mat-
ter (DM) budget could consist of primordial black holes
(PBH) [2]. The unexpectedly large black hole merger
rate [3] inferred from LIGO observations overlaps with
various estimations derived from PBH dark matter mod-
els [4]. This view is reinforced by the fact that the pro-
genitor black holes responsible for the emission of gravi-
tational waves seem to be spinless [1], a property which is
unlikely to be found in black holes of astrophysical origin,
while natural for PBHs [5–7].
The PBH idea is reshaping our understanding of dark
matter as the formation of PBHs shortly after the Big-
Bang, during the radiation era, requires primordial cur-
vature fluctuations with amplitudes large enough to in-
duce the gravitational collapse of matter into black holes
upon re-entering the horizon. A well-known mechanism
leading to such an amplification is a period of ultra-slow-
roll inflation [8, 9]. In addition, being sensitive to the
tail distribution of primordial fluctuations [10], the PBH
formation is intertwined with non-Gaussian initial con-
ditions relating the dark matter density to the dynamics
of the primordial Universe.
On the other hand, a tension has emerged between
long [11] and short (local) [12] distance measurements of
the Hubble constant, which has persisted up to now at a
considerably high confidence level of 4.4σ[13], a possibil-
ity that, if confirmed, could open the way for new physics
at cosmological, or possibly, even microphysical scales.
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It is well known —see, e.g., [14] and references
therein— that a way to reconcile local and cosmological
measurements of H0 is to consider a coupling between
dark matter and dark radiation so that the former de-
cays/annihilates to the latter. This process lowers the
redshift of matter/radiation equality, thus amplifying the
age of the Universe.
In this article, we offer a realization of this scenario due
the quantum effect of Hawking evaporation of primordial
black holes. In such a case, the radiation, however, is not
dark since it is composed of relativistic standard model
particles and as such it is subjected to constraints. The
photons and charged leptons emitted by sufficiently low
mass BHs are constrained from γ- and cosmic-ray obser-
vations [15, 16], while neutrino emission has been studied
in [17]. The lowest possible mass for which DM can be
entirely due to PBHs is the so-called asteroid window
MPBH ' 2 × 1016 g [18], however, the concensus on the
constraints is not fully settled [19].
In this paper we show that for a monochromatic PBH
population around this mass range, the emitted parti-
cles behave as a dark energy fluid with a time depen-
dent equation of state wDE(z). We take into account
the whole expansion history from recombination to very
low redshifts and show that, in this case, wDE(z) mildly
crosses the phantom line wDE(z) = −1. The effect is too
small to have any significant impact on, e.g., the value of
H0, however, we entertain the idea of having a very small
fraction of very light PBHs, which produce just enough
radiation to raise the Hubble constant, thus reducing the
tension.
II. HUBBLE PARAMETER AND HORIZON AT
DRAG EPOCH
In this Section we will examine the effect of the BH
mass loss on the energy budget of the Universe. Page
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2in [20], showed how a BH emits mass as a function of
cosmic time, which when written in terms of the scale
factor reads
M ′PBH(a) = −
C
aH(a)MPBH(a)2
, (1)
where prime denotes the derivative with respect to the
scale factor, H(a) is the Hubble parameter and C is a nu-
merical constant with dimension [M3/t] 1. Let us assume
that some fraction fPBH of DM is in the form of primor-
dial black holes, so we set ΩPBH = fPBHΩc at some initial
time a = ain. Hence, the PBH density will read
ΩPBH(a) = fPBH
Ωc,0
a3
MPBH(a)
Min
, (2)
where Min is the initial mass of the black hole population.
Then we need to consider the loss in ΩPBH and the
simultaneous gain in Ωx which will be our “dark” com-
ponent. Clearly, an energy loss in the PBH section will
imply a gain in the new dark radiation component, so
this will translate to a system of coupled fluids. Follow-
ing the approach in [22], the system of coupled matter
and dark radiation fluid will be given by
ρ′c +
3
a
ρc = Q,
ρ′x +
3
a
(1 + wx)ρx = −Q, (3)
where the positive sign in the matter section refers to a
loss in energy. The function Q appearing in the above
equations is a coupling term that remains to be specified.
Note that, the value of the equation of state parameter
is for the moment left unspecified.
The dynamics of the primordial black hole density fol-
lows directly from inserting Eq. (2) into Eq. (1), to find
Ω′PBH(a) +
3
a
ΩPBH(a) = −C/M
3
in
a10H
(fPBHΩc,0)
3
ΩPBH(a)
. (4)
The dark radiation instead evolves as
Ω′x(a) +
3(1 + wx)
a
Ωx(a) =
C/M3in
a10H
(fPBHΩc,0)
3
ΩPBH(a)
. (5)
This system of equations can be further simplified in or-
der to drop the dependence a−10, which might lead to
instabilities at early times; by considering the normal-
ized energy densities
Ω˜PBH(a) = ΩPBH(a) a
3, (6)
Ω˜x(a) = Ωx(a) a
3(1+wx) , (7)
1 C ≡ 3β ~c4
G2
, where β is a numerical coefficient that takes into
account the distribution of power in different species. For the
mass range 5 × 1014 . M/g . 1016, where emission occurs via
neutrinos, electrons/positrons and photons it has the value β =
4.427× 10−4 [21].
the final system reads
Ω˜′PBH(a) = −
α
aH
(fPBHΩc,0)
3
Ω˜PBH(a)
, (8)
Ω˜′x(a) =
α
a1−3wx H
(fPBHΩc,0)
3
Ω˜PBH(a)
, (9)
where we have set α = C/M3in.
We demand that at early times the Universe behave
as in the ΛCDM cosmology, hence, the initial condi-
tions for each species will be Ω˜PBH(ain) = fPBHΩc,0 and
Ω˜x(ain) = 0. The problem here is the presence of the
Hubble parameter in Eqs. (8) and (9), which is only de-
fined implicitly at this time. To this end, we impose the
Hubble parameter to be exactly the ΛCDM one, see the
Appendix for more details. The final Hubble parameter
will be
H(a)2 = H20
[
Ωr,0a
−4 + Ωb0a
−3 + (1− fPBH)Ωc0a−3+
ΩPBH(a) + Ωx(a) + ΩΛ0 ] (10)
where
Ωr,0 = Ωγ,0
(
1 +Neff · 7
8
·
(
4
11
) 4
3
)
ΩΛ0 = 1− Ωb0 − (1− fPBH)Ωc0 −
− Ωr0 − ΩPBH(a = 1)− Ωx(a = 1) .
A. Effective equation of state parameter
The PBH radiative mechanism can be also interpreted
as an effective dark energy fluid. The emitted particles,
even though relativistic, do not behave as radiation, since
Ωx does not scale as a
−4 due to Eq. (1). For light PBHs,
by solving the system of coupled fluids numerically, it can
be shown that at late times the dark radiation component
becomes comparable to the photon density having a sub-
dominant effect on the dynamics which however excibits
a phantom behavior.
The Hubble parameter in a flat, dark energy domi-
nated Universe, is given by
H2(a)
H20
= Ωr,0a
−4 + Ωm0a
−3 + ΩDE,0e−3
∫ a
1
1+w(y)
y dy,
where Ωm0 = Ωb0 + Ωc0 and ΩDE,0 = 1 − Ωr,0 − Ωm,0.
Then the effective equation of state parameter can be
expressed in terms of the Hubble parameter as
weff(a) =
2aH(a)H ′(a)/3 + 1/3H20 Ωr,0a
−4 +H2(a)
H20 Ωr,0a
−4 +H20 Ωm,0a−3 −H2(a)
.
Using Eq. (10), we find
weff(a) =
−wxΩx(a) + ΩΛ,0
fPBHΩc,0a−3 − ΩPBH(a)− Ωx(a)− ΩΛ,0 .
(11)
3As previously stated, we demand the Universe to be
ΛCDM at early times, hence Ωx → 0 and ΩPBH →
fPBHΩc,0a
−3
in : this implies weff → −1. At late times,
Ωx > 0, as black holes are producing more relativistic
matter by losing their masses, ΩPBH < fPBHΩc,0. If we
rewrite Eq. (11) as
weff(1) = −1 + (fPBHΩc,0 − ΩPBH(1))− (wx + 1)Ωx(1)
fPBHΩc,0 − ΩPBH(1)− Ωx(1)− ΩΛ,0
we realize that the denominator is always negative be-
cause ΩΛ,0 is the largest component at late times; both
terms in the numerator are positive, however the “dark”
radiation is subdominant with respect to the PBH energy
loss due to the ≈ a−4 scaling of the solution in the radi-
ation sector. This guarantees the fraction to be always
negative, implying an effective equation of state param-
eter always less than −1.
However, the effective phantom behavior is very mild
for the sensible value of the PBH masses; for instance,
if we assume a mass of 1016g, the effective equation of
state parameter differs from −1 of about 0.001%. Only
for very light primordial black holes, i.e MPBH ∼ 1015g,
then weff(1) = −1.01.
III. COSMOLOGICAL CONSTRAINTS
A. Data
In this section, we will now present the parameter con-
straints from fitting our model to the latest cosmologi-
cal data such as the supernovae type Ia (SnIa), Baryon
Acoustic Oscillations (BAO), Cosmic Microwave Back-
ground (CMB) and the Hubble expansion H(z) data.
Specifically, we utilize the Pantheon Type Ia Supernovae
(SnIa) compilation of Ref. [23], the BAO measurements
from 6dFGS [24], SDDS [25], BOSS CMASS [26], Wig-
gleZ [27], MGS [28], BOSS DR12 [29] and DES Y1 [30].
Finally, we also use the CMB shift parameters (R, la)
that are based on the Planck 2018 release [11].
Moreover, we also incorporate in our analysis the di-
rect measurements of the Hubble expansion H(z) data.
These can be derived in two ways: via the differential
age method or by the clustering of galaxies and quasars.
The latter provides direct measurements of the Hubble
parameter by measuring the BAO peak in the radial di-
rection from the clustering of galaxies or quasars [31].
On the other hand, the former method determines the
Hubble parameter via the redshift drift of distant ob-
jects over significant time periods, usually a decade or
longer. This is possible as in GR the Hubble parameter
can be expressed via of the rate of change of the red-
shift H(z) = − 11+z dzdt [32]. Both of these methods then
provide us with a compilation of 36 Hubble parameter
H(z) data points, which for completeness we present in
Table I, along with their references.
B. CMB likelihood
Here we provide some more details about our CMB
shift parameters likelihood, where we mostly follow
Ref. [33]. Since we are interested in constraining the ex-
tra relativistic degrees of freedom, we rederive the shift
parameters with Neff as a free parameter. The shift pa-
rameters are given by
R ≡
√
Ωm0H20 r(z∗)/c, (12)
la ≡ pi r(z∗)/rs(z∗), (13)
where the comoving sound horizon is defined as
rs(z) =
∫ a
0
da′√
3(1 +Rba′)a′4E(a′)2
.
Here, E(a) = H(a)/H0 is the dimensionless Hubble pa-
rameter, Rb = 3ρb/4ρr · a−1 is the baryon-photon ratio
and the comoving distance is
r(z) =
c
H0
∫ z
0
dz′
E(z)
.
Then, we can use these definitions to obtain the new val-
ues for the set of shift parameters by using the MCMC
Planck 18 chain2, see [11] for details. To do this, we cal-
culate the parameter vector vCMB = (R, la,Ωb0h
2, Neff)
for all points in the chain, which gives the mean values
vCMB,data =
 1.75478302.3470.0222369
2.92029
 . (14)
The effective number of relativistic neutrinos Neff should
be modified according to the black hole emission of rel-
ativistic species, i.e. Neff = Neff,SM + ∆Neff. The total
Neff will be the sum of both contributions from the Stan-
dard Model particle, denoted by “SM” and the PBH one,
given by ∆Neff, which is directly connected to the Ωx(a).
However, our choice is more conservative and we decide
to leave Neff as a free parameter. Finally, the covariance
matrix of these parameters is given by:
Cij = 10
−8 × 7976.97 298535.0 −137.736 −75126.6298535.0 2.11245 · 107 −1615.98 881421.0−137.736 −1615.98 5.24732 3257.56
−75126.6 881421.0 3257.56 3.7128 · 106
 .
Combining all of the above, the CMB contribution to the
χ2 becomes
χ2CMB = δv C
−1
CMB,ij δv, (15)
2 the chain used is:
“base nnu mnu plikHM TTTEEE lowl lowE post lensing”
4TABLE I: The H(z) data used in the current analysis (in
units of km s−1Mpc−1). This compilation is partly based on
those of Refs. [34] and [35].
z H(z) σH Ref.
0.07 69.0 19.6 [36]
0.09 69.0 12.0 [37]
0.12 68.6 26.2 [36]
0.17 83.0 8.0 [37]
0.179 75.0 4.0 [38]
0.199 75.0 5.0 [38]
0.2 72.9 29.6 [36]
0.27 77.0 14.0 [37]
0.28 88.8 36.6 [36]
0.35 82.7 8.4 [39]
0.352 83.0 14.0 [38]
0.3802 83.0 13.5 [34]
0.4 95.0 17.0 [37]
0.4004 77.0 10.2 [34]
0.4247 87.1 11.2 [34]
0.44 82.6 7.8 [27]
0.44497 92.8 12.9 [34]
0.4783 80.9 9.0 [34]
z H(z) σH Ref.
0.48 97.0 62.0 [37]
0.57 96.8 3.4 [25]
0.593 104.0 13.0 [38]
0.60 87.9 6.1 [27]
0.68 92.0 8.0 [38]
0.73 97.3 7.0 [27]
0.781 105.0 12.0 [38]
0.875 125.0 17.0 [38]
0.88 90.0 40.0 [37]
0.9 117.0 23.0 [37]
1.037 154.0 20.0 [38]
1.3 168.0 17.0 [37]
1.363 160.0 33.6 [40]
1.43 177.0 18.0 [37]
1.53 140.0 14.0 [37]
1.75 202.0 40.0 [37]
1.965 186.5 50.4 [40]
2.34 222.0 7.0 [41]
where the parameter vectors are given by
δv = vCMB − vCMB,data. (16)
C. Methodology
In order to use the aforementioned data we first need
to estimate the background expansion history of the Uni-
verse by calculating the Hubble parameter. This can be
achieved by solving Eq. (10) together with Eqs. (8) and
(9).
From Eq. (10) we can easily calculate the necessary
cosmological distances required by the data using the
usual FRW definitions. Then, our total likelihood func-
tion Ltot can be given as the product of the separate
likelihoods of the data (we assume they are statistically
independent) as follows:
Ltot = LSnIa × LBAO × LH(z) × LCMB,
which is related to the total χ2 via χ2tot = −2 logLtot or
χ2tot = χ
2
SnIa + χ
2
BAO + χ
2
H(z) + χ
2
CMB. (17)
In order to study the statistical significance of our con-
straints we make use of the well known Akaike Informa-
tion Criterion (AIC) [42]. Assuming Gaussian errors, the
AIC parameter is given by
AIC = −2 lnLmax + 2kp + 2kp(kp + 1)
Ndat − kp − 1 , (18)
where kp and Ndat are the number of free parameters
and the total number of data points respectively. In this
analysis we have 1048 data points from the Pantheon
set, 4 from the CMB shift parameters, 10 from the BAO
measurements and finally 36 H(z) points, for a total of
Ndat = 1098.
The AIC can be interpreted similarly to the χ2, i.e.
a smaller relative value signifies a better fit to the data.
To apply the AIC to model selection we then take the
pairwise difference between models ∆AIC = AICmodel −
AICmin. This is usually interpreted via the Jeffreys’ scale
as follows: when 4 < ∆AIC < 7 this indicates positive ev-
idence against the model with higher value of AICmodel,
while in the case when ∆AIC ≥ 10 it can be interpreted
as strong evidence. On the other hand, when ∆AIC ≤ 2,
then this means that the two models are statistically
equivalent. However, Ref. [43] has shown that the Jef-
freys’ scale can lead to misleading conclusions, thus it
should always be interpreted carefully.
Then, our total χ2 is given by Eq. (17) and the param-
eter vectors (assuming a spatially flat Universe) are given
by: pΛCDM = (h,Neff ,Ωb,0,Ωc,0) for the ΛCDM; and
pPBH = (h,Neff ,Ωb,0,Ωc,0, α, fPBH) for the PBH model.
For the last two parameter, we will actually use the pa-
rameter log10 α and log10 fPBH in order to sample the
parameter space much better, given that we expect to
have small values of both parameters.
Using the aforementioned cosmological data and
methodology, we can obtain the best-fit parameters and
their uncertainties via the MCMC method based on a
Metropolis-Hastings algorithm. The codes used in the
analysis were written independently by two of the au-
thors, in both Mathematica and Python 3.0.3 The pri-
ors we assumed for the parameters are given by h ∈
[0.4, 1], Neff ∈ [1, 5], Ωb,0 ∈ [0.001, 0.1], Ωc,0 ∈ [0.1, 1],
log10 α ∈ [−20, 0] log10 fPBH ∈ [−20, 0]. We estimate
∼ 105 MCMC points for each of the two models.
As a further step we decide to fix both log10 α = −4
to which corresponds a primordial black hole mass of
M = 9.79 · 1015g, and log10 fPBH = 0 in order to have
the largest contribution in the PBH scenario and study
the contribution to the overall dynamics of the Universe.
D. Results
In Fig. 1 we show the 68.3%, 95.4% confidence con-
tours, long with the 1D marginalized likelihoods for
various parameter combinations, for all the six pa-
rameters entering in the PBH scenario, i.e. pPBH =
(h,Neff ,Ωb,0,Ωc,0, log10 α, log10 fPBH) and in Tab. II we
report their best fit. We considered two separate cases,
3 The MCMC code for Mathematica used in the analysis is
freely available at http://members.ift.uam-csic.es/savvas.
nesseris/.
5TABLE II: The best-fit parameters for the ΛCDM and the PBH models respectively.
h Neff Ωb,0 Ωc,0 log10 α log10 fPBH
ΛCDM
CMB 0.6536± 0.0189 2.9202± 0.2009 0.0520± 0.0026 0.2801± 0.0157 − −
CMB+loc 0.6697± 0.0087 2.9749± 0.1400 0.0499± 0.0011 0.2642± 0.0058 − −
PBH fixing log10 α and log10 fPBH
CMB 0.6535± 0.0173 2.9117± 0.1706 0.0521± 0.0024 0.2796± 0.0156 − −
CMB+loc 0.6703± 0.0086 2.9771± 0.1433 0.0499± 0.0011 0.2637± 0.0057 − −
PBH
CMB 0.6537± 0.0192 2.9221± 0.1452 0.0520± 0.0022 0.2802± 0.0139 −10.1349± 5.6832 0.0571± 5.8963
CMB+loc 0.6709± 0.0176 2.9980± 0.1445 0.0498± 0.0018 0.2640± 0.0104 −0.1933± 5.8146 −12.1575± 5.9284
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FIG. 1: The 68.3% and 95.4% confidence contours and the 1D marginalized likelihoods or various parameter combinations for
the PBH model.
first using only the CMB data and then using all the
data together. The data used are clearly insensitive to
the PBH parameters, as the full marginalized errors span
over the whole range of the values allowed in the analysis.
The reasons are two: 1) the CMB shift parameters have
been evaluated using only the TT modes of the CMB
which is particular insensitive to the PBH physics as also
evidenced by [44]; 2) the effective dark energy equation
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FIG. 2: The 68.3% and 95.4% confidence contours and the 1D marginalized likelihoods or various parameter combinations for
the PBH model.
TABLE III: The χ2 and AIC parameters for the ΛCDM and
the PBH models respectively.
Model χ2 AIC ∆AIC
CMB only
ΛCDM 0.02 −5.9322 0
PBH 0.01 −5.9322 0
PBH full 0.003 −4.6504 1.2818
CMB+H(z)+SNIa+BAO
ΛCDM 1079.60 −24.2354 1.9437
PBH 1079.59 −22.2917 0
PBH full 1079.63 −29.9687 7.677
of state Eq. (11) manifests a very mild phantom behavior
at late time, making it practically undistinguishable to
w = −1.
In Fig. 2 we show the 68.3% and 95.4% confidence con-
tours for the ΛCDM and the PBH models, respectively,
along with the 1D marginalized likelihoods for various
parameter combinations. The PBH results have been
obtained by fixing log10 α = −4 and log10 fPBH = 0.
In Tab. II are reported the corresponding best fit. Also
in this analysis we considered two different cases, CMB
data alone and all the data together. In this analysis
we wanted to have the largest contribution possible from
the PBH but still within the allowed regions reported
in [44]. In this case, we do not see any appreciable dif-
ference on the best fit of the parameters. Both models,
i.e. ΛCDM and PBH give very similar results, implying
that the contribution of energy budget from PBH does
not affect the expansion of the Universe. We want to
highlight that we did not expect any change on the best
fit of the parameters from CMB data alone, because the
initial conditions of our dynamical equations were set to
7be exactly ΛCDM.
In Table III we show the values for the χ2 and AIC
parameters for the ΛCDM and the PBH models respec-
tively. As mentioned, we considered two separate cases:
CMB data alone, and all the data together. In the first
case, by inspecting Tables II and III, we find that as the
difference in the AIC parameters is roughly 0 and . 1.3
for the PBH and full PBH models with respect to the
ΛCDM model, then they all are in good agreement with
each other. When we use all the data, we find that the
statistical difference rises to ∼ 2 and ∼ 7 for the PBH
and full PBH models, thus placing some strain on the
full PBH case with respect to the ΛCDM model.
E. Speculative venues
Let us now ask the question of what would be the ef-
fect of a very light PBH fraction on the expansion history.
For masses below around 1014 g such a population would
not serve as DM since it would have completely evap-
orated by now. However, for such ultra-light BHs the
radiation injection would be enough to produce a change
on the Neff . For a fraction of fPBH = 10
−10, a mass of
MPBH = 10
6 g could achieve this; in fact we can have
an increase of ∆Neff of about 0.35. Such ultra-light BHs
have no impact on the CMB anisotropies [44], neither
do they affect CMB spectral distortions [45]. It would
be interesting to investigate if there are mechanisms that
produce such ultra-light PBHs on top of the DM can-
didate population, since that could be relevant to the
recent H0 tension. In Fig. 3, we show the confidence
regions for h−Ωc,0 using CMB data only. For such ultra-
light PBH, there is a substantial shift on H0 up to 70.38,
reducing the tension with local measurements. The best
fit parameters with their 1σ errors are:
h = 0.7038± 0.0130 ,
Ωb,0 = 0.0449± 0.0014 ,
Ωc,0 = 0.2429± 0.0138 .
The minimum χ2 is 0.0291 and the AIC criterium gives
−10.9256. Compared with Tab. III we find a difference
on ∆AIC of about 5 which indicated a positive evidence
in favor of ΛCDM.
However, it is interesting to notice that, even though
there is a shift on the values of the parameters, their
products give a result very close to the Planck best fit
within the 1σ errors, [11]: Ωc,0h
2 = 0.12032 and Ωb,0h
2 =
0.02224.
IV. CONCLUSIONS
Primordial Black holes present a paradigm shift in our
understanding of the nature of Dark Matter. In this pa-
per we presented a novel scenario where due the quantum
0.575 0.600 0.625 0.650 0.675 0.700 0.725
h
0.21
0.24
0.27
0.30
0.33
0.36
Ω
c
CMB
CMB: ΛCDM
FIG. 3: The 68.3% and 95.4% confidence contours for h−Ωc,0
only for ultra light BPH and the ΛCDM model for compari-
son.
effects of Hawking evaporation of PBH, the late time dy-
namics of the expansion of the Universe are affected via
this new radiation component. The method consists on
coupling together the BH mass to the new radiation com-
ponent, assuring that the energy loss by the black holes
are transferred to radiation.
The idea was to understand and test how the cosmo-
logical dynamics were affected by the presence of PBH;
focusing on the H0 problem. Our analysis showed that,
even if there is a constant pumping of energy into the
radiation sector which affects the effective number of rel-
ativistic species and hence enhancing its value, it is not
able to reconciliation the long/short H0 discrepancy at
2σ. TT modes from CMB data still prefer a value of Neff
close to the ΛCDM value, depriving the effective number
of relativistic species to increase and hence to modify the
H0 value.
Furthermore, we found that the PBH decay mecha-
nism can be formulated as an effective dark energy fluid,
and hence it can be interpreted as a late time effect. The
physics behind is that the emitted particles do not behave
as radiation even though they are relativistic, since Ωx
does not scale exactly as a−4 due to Eq. (1). By solving
the system of coupled fluids numerically, it can be shown
that at late times the dark radiation component shows
a phantom behavior, being too mild, though, in order to
differ appreciably from the cosmological constant. How-
ever, this formulation allows us to consider the effect of
a fraction of matter in tiny PBHs whose complete decay
could produce a sufficiently phantom equation of state
thus raising the CMB induced current Hubble rate.
Finally, by using our approach and comparing with the
latest cosmological data, including the SnIa, BAO, CMB
and the H(z) data, we placed observational constraints
on the PBH model. We find that the PBH model is
statistically consistent with ΛCDM according to the AIC
statistical tool.
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Appendix A: Differential equations
In this section we report the details of the analysis
performed. The system of differential equations used is
Ω˜′PBH(a) = −
α
aH
(fPBHΩc,0)
3
Ω˜PBH(a)
,
Ω˜′x(a) =
α
a1−3wx H
(fPBHΩc,0)
3
Ω˜PBH(a)
,
where we have set α = C/M3in. The Hubble parameter for
solving the above system should have the expression of
Eq. (10). However, the former contains the cosmological
term ΩΛ,0 which has to be treated as dependent parame-
ter in order to keep the unitary of the Hubble parameter
at z = 0, i.e. H(z)/H0 = 1. Consequently, we need to
impose
ΩΛ0 = 1− Ωb0 − (1− fPBH)Ωc0 − Ωr0
− ΩPBH(a = 1) + Ωx(a = 1) .
Clearly the above expression cannot be used to solve the
differential equations for Ω˜PBH and Ω˜x, as it would re-
quire a value of the energy densities at the a = 1. To
overcome this difficulty, we adopt the following strategy:
we defined an internal Hubble parameter of the form of
Eq. (10) where ΩΛ0 = 1 − Ωb0 − Ωc0 − Ωr0 . This ap-
proximation is sufficient for our analysis especially for
the range of allowed PBH masses; in fact for a mass of
1016g it would require ≈ 1015 years to the black hole to
completely evaporate.
Furthermore, the analysis has been also tested with
a brute method, i.e. forcing the system to give the ap-
propriate ΩΛ0 in order to keep the normalized Hubble
parameter equal to 1. We did not see any change on
the final results and we adopted the strategy mentioned
above for the MCMC analysis.
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